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The capture of wild elephants is prohibited under the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES). However, since elephants (particularly Asian elephants) are endangered in the wild, maintenance of a healthy captive population is considered an essential measure for safeguarding the species; in turn, an active and successful breeding program is an essential requirement for maintaining a healthy captive population (Hermes et al, 2004). Recent surveys have indicated that captive elephants commonly suffer from poor fertility as a result of intermittent cyclicity or acyclicity among female elephants, and as a result of high rates of perinatal and infant mortality (Freeman et al, 2009). 

The aim of the current study was to retrospectively examine the incidences of gestational and perinatal mortality and of disrupted cyclicity in elephants housed in European zoos and to try to identify husbandry or management associated risk factors that predispose to either failure of cyclicity or failure to produce a live calf. In order to gather the required data a questionnaire was sent out to all European zoos that house elephants and progesterone/pregnanetriol concentrations were gathered when made available. 







The capture of wild elephants for domestication or transport to zoos, is prohibited under the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES). However, since elephants (particularly Asian elephants) are endangered in the wild, where they are primarily threatened by ongoing habitat loss, maintenance of a healthy captive population is considered an essential measure for safeguarding the species; in turn, an active and successful breeding program is an essential requirement for maintaining a healthy captive population (Hermes et al, 2004). However, recent surveys have indicated that captive elephants commonly suffer from poor fertility as a result of intermittent cyclicity or acyclicity among female elephants, and as a result of high rates of perinatal and infant mortality (Freeman et al, 2009). The aim of the current study was to retrospectively examine the incidences of gestational and perinatal mortality and of disrupted cyclicity in elephants housed in European zoos, and to try to identify husbandry or management associated risk factors that predispose to either failure of cyclicity or failure to produce a live calf. 

Female reproductive tract: The reproductive tract of female elephants is made up of the same basic components as the large domestic mammals (ovaries, oviduct, bicornuate uterus, cervix, vagina, vestibule, vulva), and there are no significant anatomical differences between Asian (Elephas maximus) and African (Loxodonta africana) elephants. Not surprisingly, the elephant’s reproductive tract is very long, with the total length from the vulva to ovary reported to range from 120 - 358 cm; the older and bigger the elephant, the longer the reproductive tract (Balke et al, 1988). Other distinctive features of the female elephant’s reproductive tract include a ventrally directed vulval opening located between the hind limbs, and an extremely small vaginal opening (from the vestibule) flanked on either side by a blind pouch (Hermes et al, 2008). The small size of the vaginal opening in nulliparous and primigravid females is a result the hymenal membrane, which is not torn during mating. The hymen only tears when the elephant gives birth for the first time (Balke et al, 1988). 
The elephant has a bicornuate uterus, consisting of a relatively short uterine body and two uterine horns (Senger, 2003). At their base abutting the uterine body, the uterine horns are joined by an inter-cornual ligament extending from the serosa, to form a ‘pseudouterine body’ under which the uterine horns have already separated. (Hildebrandt et al, 2006). The elephants uterus shows some similarity to the equine uterus since, for example, they both have straight uterine horns. There are, however, also some distinct differences between the two species; the uterine body in the elephant is relatively shorter than that in equids since the uterine horns account for a much larger proportion of total uterine length. In addition, the elephant’s broad ligament is extremely tough and fibrous with a rope-like attachment to the dorsal body wall, presumably to enable it to support the enormous weight of the uterus late in pregnancy; the broad ligament also contains a lot of fat. The myometrium and the outermost serosa of young, non-pregnant female elephants are also relatively tough, fibrous and tonic, and the endometrium is relatively sparsely populated with secretory glands and does not have the extensive folds found in the horse. Finally, the ovaries are small, fibrous and nodular, and broadly resemble those of a pig (Allen et al, 2003; Allen, 2006).

(Allen et al, 2003)

Male reproductive tract: The main difference between the elephant bull and other terrestrial mammals is that the elephant has intra-abdominal rather than extra-abdominal (scrotal) testicles. The testicles can weigh up to two kilograms each in an adult bull and, during musth, the volume can increase four-fold. The only real difference in reproductive tract anatomy between Asian and African elephants is the size and shape of the prostate gland. In the African elephant, the prostate has three obvious lobes with a maximum diameter of six centimeters, whereas in the Asian elephant the lobes of the prostate are fused together and the maximum diameter rarely exceeds two centimeters (Hildebrandt et al, 2006).

Reproductive cycle: In the wild, elephant cows generally reach sexual maturity at 10 to 12 years of age. In captivity however, elephants have been known to get pregnant as young as four years old. Previously, the European Endangered Species Programme (EEP) recommended that female elephants should not enter a breeding programme until they were at least 10-12 years old (Schaftenaar et al, 2009). However, it has subsequently been suggested that elephants undergoing multiple reproductive cycles without pregnancy are at a much higher risk of reproductive pathologies such as ovarian and endometrial cysts and uterine tumours (Hermes et al, 2004). As a result, the EEP now advises that oestrous cycle monitoring should start when female elephants are three years old, and that breeding should begin after no more than two years of regular oestrous cycles (Schaftenaar et al, 2009).
The oestrous cycle of both Asian and African female elephants has a total length of approximately 14-16 weeks. This cycle consists of a luteal phase, which lasts 8-13 weeks, and a follicular phase that lasts 3-8 weeks (Schulte et al, 2000). Oestrous cyclicity starts at puberty and, in the absence of pathology, will continue throughout the rest of an adult female’s life, with interruptions during pregnancy and lactation. 
(Schaftenaar et al, 2009) 

Follicular phase: The follicular phase of the oestrous cycle starts with the regression of the corpora lutea from the previous cycle and ends at ovulation. During this period, follicles are the dominant ovarian structures, and the dominant hormone is the oestrogen that they produce. At the start of the follicular phase, the serum progesterone concentrations have dropped to baseline values as a result of luteolysis. This fall in circulating progesterone concentrations removes the negative feedback on the hypothalamus and anterior pituitary, thereby allowing increased secretion of gonadotrophin releasing hormone (GnRH) and luteinizing hormone (LH), compared to the preceding progesterone dominated luteal phase. In response to the GnRH, the pituitary gland releases follicle stimulating hormone (FSH), which stimulates early follicular development, and luteinizing hormone (LH) which supports follicle ripening, ovulation, and development and maintenance of the corpus luteum. The growing follicles also produce oestradiol which, once circulating concentrations exceed a certain threshold level, stimulates the hypothalamic pituitary axis to produce an LH surge (Senger, 2003). Uniquely, elephants exhibit two LH peaks during the follicular phase, the first peak lasts for one day and occurs 18-20 days before ovulation, while the second occurs just prior to, and is responsible for, ovulation (Schaftenaar et al, 2009) and the associated progesterone rise (Hodges, 1998).  The second LH peak is thought to induce ovulation through a number of related mechanisms. In this respect, it is thought to cause a rise in intra-follicular prostaglandin E2 (PGE2), which improves the blood flow to the follicle wall, and prostaglandin F2α (PGF2α) which is thought to stimulate contraction of ovarian smooth muscle and a release of lysosomal enzymes that will increase follicular pressure and weaken the follicle wall. Furthermore, the LH peak causes a shift from oestradiol to progesterone production by the dominant follicle, which leads to enhanced collagenase production that will further weaken the follicular wall to permit ovulation (Senger, 2003). The 10 day period before the post-ovulatory rise in progesterone concentrations is considered to be the fertile period in a female elephant (Thitaram et al, 2008).

Luteal phase: The luteal phase is the period between ovulation and the regression of the corpora lutea. During this phase, the corpora lutea are the dominant ovarian structures, and they produce either progesterone (in most mammals) or other progestagens; in elephants, the dominant luteal steroid hormones are the 5α-reduced pregnanes (Hildebrandt et al, 2006).
After ovulation, the follicle and, in particular the granulosa and theca cells undergo luteinization under the influence of LH. The target organs for the progestagens produced by the corpus luteum are the mammary gland, the uterus and the hypothalamus. In the mammary gland, progesterone promotes alveolar development; in the uterus, it stimulates the secretion of histotrophe (“uterine milk”) by the endometrial glands, and promotes quiescence by inhibiting myometrial contractions. In addition, negative feedback by the progestagens on the hypothalamus results in a suppression of GnRH, LH and FSH secretion, thereby preventing the development of a new pre-ovulatory follicle until after luteolysis. Progestagens also directly inhibit oestrous behavior such that the female will no longer accept the approach of a male for copulation. While it is assumed that endometrial prostaglandin F2α (PGF2α) plays a role in cyclical luteolysis in the elephant, as it does in other large domestic species, this has yet to be proven. 

Problems with cyclicity: In a recent survey of female elephants in North American zoos for which oestrous cycle monitoring had been performed, approximately 19% of Asian and 29% of African elephants showed abnormal progesterone profiles, e.g. acyclicty or intermittent cyclicity (Brown et al, 2004); this effectively removes 20-30% of captive female elephants from the breeding pool (Freeman et al, 2009). Although the survey did not analyze the exact causes of abnormal cyclicity, the authors did suggest a number of possible underlying causes, namely hormone receptor dysfunction, reproductive tract pathology, metabolic or nutritional deficiencies, social or environmental factors, stress and hypothalamic-pituitary disruption (Brown et al, 2004). With the help of ultrasound a high incidence of uterine tumours (especially leiomyomata) has been demonstrated in captive female elephants that have not calved for a long time (Hermes et al, 2004). Moreover, it has been suggested that the repeated ovarian cycles that captive female elephants experience are abnormal, since in the wild the animals would intersperse occasional oestrous cycles with prolonged periods of pregnancy and post-partum anoestrus; it is thought that the unusually high number of oestrous cycles  may contribute to subsequent abnormalities and failure of normal cyclicity (Allen, 2006). 

Pregnancy: Gestation in the elephant lasts about 20-22 months, at the end of which a single calf is born (Thitaram et al, 2009). Implantation takes place in the pseudouterine body or in one of the uterine horns and, in the case of successful fertilization, the lifespan of the corpora lutea will be extended and blood progstagen concentrations will remain elevated for the rest of gestation. The elephant has a zonary endotheliochorial type of placenta (Allen et al, 2003). In the first 16 weeks of pregnancy, progesterone levels increase significantly, and they reach a peak during mid-gestation (Niemuller et al, 1998). During months 3 to 15 of gestation, the blood progestagen levels are therefore usually higher than during the luteal phase. During the second half of pregnancy, the progesterone is probably produced by a placental, rather than a purely ovarian, source. From a practical perspective, elevated plasma progesterone/pregnanetriol concentrations for more than 16 weeks can be used to confirm pregnancy; alternatively an elevation in serum prolactin concentrations from around 6 months can be used to confirm pregnancy (Carden et al, 1998). Pregnancy can also be confirmed by transrectal ultrasonographic examination 8-20 weeks after mating (Schaftenaar et al, 2009).
In the week before parturition, progesterone levels start to decline, and they reach baseline concentrations 2-4 days before birth. This decline is a good predictor of imminent parturition (Carden et al, 1998), but does not always occur. Recently, an elephant at Rotterdam Zoo gave birth to a healthy calf despite progesterone levels above her baseline value (Schaftenaar et al, 2009). 

(Hildebrandt et al, 2006)

Post partum period and lactation: After parturition, elephant cows will generally experience a postpartum anoestrus lasting 2-3 years. The inter-calving interval is therefore usually 4 years or more; it has been suggested that the considerable intrauterine bleeding that occurs during parturition might also contribute to this period of infertility (Allen, 2006).  However, when there are problems such as death of the calf, premature weaning or reduced milk production, the anoestrus period can be reduced to as short as eight to 13 weeks (Prahl, 2009),  which suggests that lactation may be a more important determinant of postpartum anoestrus.







Questionnaire: In an attempt to identify factors that may contribute to failure of cyclicity, or fetal death, in captive elephants, questionnaires were sent to 128 zoos in Europe. The goal of the questionnaire was to determine whether differences between management policies in the various zoos might influence the cyclicity, calf mortality and offspring sex ratio. Specific questions focused on body condition score, age, housing and general management, presence or contact with a bull, dietary management, breeding history, and social status. The various factors included in the questionnaire were selected on the basis of previous studies that attempted to examine factors influencing failed cyclicity in female elephants. After the questionnaires had been returned, they were examined to determine whether there were consistent differences between the zoos (housing management, etc) or between individual elephants (BMI, etc) that could explain differences in cyclicity. 

Groups: During analysis, the elephants were divided into four groups on the basis of age: pre-pubertal, just post-pubertal, adult, senescent. This was to enable assessment on the basis of which elephants could reasonably be expected to be cycling. For elephants which were pre-pubertal or too old to cycle, less importance could be attached to a progesterone profile indicating acyclicity. The pre-pubertal to pubertal group consisted of young elephants who had not yet completed one year of oestrous cycles, since Schaftenaar et al (2009) have recommend that a maxiumum of two years of cyclicity be used as a bench mark for entry into a breeding program. Senescent elephants would be considered to be those that had stopped cycling or showed abnormal progesterone profiles, having previously cycled normally, and that were older then 35 years.
The elephants were also nominally divided into two groups depending on whether or not they regularly (at least daily) had contact with an adult bull.  This was dependent on housing management in a zoo, but could also differ within a facility between individual elephants. 

Progesterone profiles: A number of European zoos use progesterone profiles to monitor the reproductive status of female elephants. In many cases, this is performed on blood samples collected weekly and sent to a dedicated laboratory, such as the one at Rotterdam Zoo, or to a local hospital for analysis. Rotterdam zoo uses a Radio Immuno Assay (RIA), while most hospitals use an Enzyme Immuno Assay (EIA) or an Enzyme Linked Immunosorbent Assay (ELISA) to measure progesterone concentrations (Schaftenaar et al, 2009). A female elephant would be considered acyclic if progesterone concentrations remained at baseline levels for more than 12 weeks, whereas high progesterone values for more than 18 weeks would be assumed to indicate pregnancy. Attention would also be paid to changes in cyclical status, in case these could be associated to changes in management practice, for instance a change in contact time with the bull or in housing management. 
(Schaftenaar et al, 2009)

Pregnanetriol/creatinine concentrations: Some zoos do not collect blood for reproductive monitoring, but instead submit urine samples. Since it is not possible to detect progesterone in elephant urine, pregnanetriol assays are instead used to monitor luteal activity (Prahl, 2009). Urinary pregnanetriol concentrations are usually measured by EIA and accompanied by measurement of urine creatinine concentration to allow correction for variations in glomerular filtration rate (Niemuller et al, 2003).

Studbook data: The European Elephas maximus and the Loxodonta africana studbooks were used to collect background reproductive data. The following data were collected: number of births, number of abortions and stillbirths, and the sex of the calves. In this study, data generated between 1979 and September 2009 was used, to ensure that sufficient data was available for meaningful analysis; this included 47 African and 76 Asian elephants which gave birth to one or more calves. 

Analysis: Progesterone/pregnanetriol values were analyzed, for the subset of elephants for which they were available, to see if the elephants were cycling or not. Next, the questionnaire results were compared with cyclical status of the elephants, to determine whether any factors appeared to play a role in disrupting cyclicity; if so, the significance of the factors (diet, BMI, age, etc) would be assessed in more detail. 






Questionnaires: Only 15 zoos completed the questionnaires, yielding a survey population of 50 elephants. Reproductive status monitoring data (progesterone/pregnanetriol profile) were available for just 18 elephants. Since there were only two elephants that showed abnormal cyclicity (11%), it was not possible to further examine factors that might influence cyclicity in captive female elephants. 

Progesterone/pregnanetriol concentrations: Progesterone/pregnanetriol profiles were collected for 18 elephants, three of which were pregnant. Of the remaining 15 progesterone/pregnanetriol profiles, two elephants showed evidence of abnormal or disrupted cyclicity. The other profiles showed regular cycles. 





Figure 3. Progesterone profile for an elephant suffering from irregular cyclicity. 

Studbook analysis: Between 1979 and 2009, 90 pregnancies were recorded in African elephants, and 77 of these pregnancies (86%) resulted in the birth of a calf that lived for longer than one day (success). The remaining 13 (14%) pregnancies ended in abortion, stillbirth or neonatal death (failure). 
During the same time period, 193 pregnancies were reported in Asian elephants, of which 138 (72%) resulted in the birth of a calf that lived for longer than one day, while 55 (28%) of the pregnancies ended in abortion, stillbirth or perinatal mortality.








There was a significant difference between the success rates for the two populations (i.e. Asian versus African). The 95% confidence interval for the successful progression of pregnancy in African elephants was 78 - 93% compared to 65 - 78% for Asian elephants. The African elephants gave birth to 40 female and 37 male calves, i.e. a sex ratio for African elephants of 52% female and 48% male. The Asian elephants gave birth to 68 female and 70 male calves, i.e. a sex ratio of 49% female and 51% male calves. 
The mean age at which African elephants born in captivity first gave birth was 13.5 years. The African elephants that had been captured from the wild gave birth in the zoo for the first time at a mean age of 16.8 years.  For Asian elephants, the corresponding mean ages were 11.4 and 17.6 years, respectively.












Questionnaire:  The biggest problem / challenge for this study was the poor compliance of zoos in respect to providing the data requested in the form of completed questionnaires. In some cases, the zoo in question wrote back to explain that they were not prepared to share this sort of data; in general, it appears that the zoos now receive so many requests for data for retrospective studies that they rarely reply. Within the Netherlands, compliance of zoos was high, as a result of personal visits to collect the data and help zoo-keepers fill in the questionnaire. Nevertheless, a number of the zoos that completed the questionnaire do not monitor progesterone/pregnanetriol in their female elephants, and there was thus insufficient data to meaningfully examine the incidence of oestrous cycle abnormalities. Any future projects will need to pay more attention to ensuring participation of more zoos that do monitor reproductive status. This may require an international collaboration since personal visits were the most effective way to encourage participation.

Progesterone/pregnanetriol concentrations: Brown (2004) and Freeman (2009) concluded that 19% of Asian and 29% of African elephants in captivity in North America have abnormal progesterone profiles. In the current study, only 2 out of 18 (11%) elephants had abnormal progesterone/pregnanetriol profiles. This may indicate that reproductive cyclicity is not such a significant problem in elephants in European zoos, but the sample size is too small to allow any firm conclusions, and it may also have been biased because for example the data is likely to more readily available for elephants being used actively in a breeding program. Despite the small number of animals sampled, the results are not dissimilar to those of Clubb et al (2009) who reported that 15% of sexually mature female elephants in Europe that were monitored were not cycling. More confidence in the results on cyclicity will require progesterone/pregnanetriol data from many more animals. Differences between European and North American zoos have also been reported for calf mortality rates, which in North America are as high as 40% compared to between 14% and 28% in Europe (Clubb et al, 2009). 

Studbook analysis: A significant difference (p<0.05) was found between the likelihood of a successful outcome to pregnancy between Asian and African elephants. Asian elephants are significantly more at risk of abortion, stillbirth or neonatal calf death within the first day after birth. This is consistent with results from previous studies by Clubb et al (2009) for both the European and North American populations. There are several factors that might contribute to the higher rate of complications for pregnancy/parturition in Asian elephants; these include the EEHV-1 virus, which is highly pathogenic in Asian elephants but not in African elephants (Fick et al, 2000).  There are also anecdotal reports that Asian elephants suffer more problems at parturition than African elephants, although Hermes et al (2008) noted that while there are more reported cases of dystocia in Asian elephants, there are fewer captive births in African elephants; as such, that the percentage of births in which complications arise may not differ much between the two species. 
The studbook data also revealed that the first pregnancy in Asian elephants is more often associated with an unsuccessful outcome (success ratio for first gestation of 58% versus 78% for all gestations; p<0.05). Prahl (2009) suggested a similar trend in Asian elephants which could, at least partially, be ascribed to a higher risk of infanticide with first born calves (Prahl, 2009). It should, however, be noted that data about parity can only be considered 100% reliable for elephants born in captivity; however, if the data from elephants born in the wild were to be discarded, the sampling size would be too small for meaningful analysis.
There are, of course, several factors that might differ between wild caught elephants and those born in a zoo, which could also affect aspects of reproductive success. In the wild, an elephant is likely to stay with its mother and with the maternal group for longer, where they can learn maternal behaviour by ‘allo-mothering’ siblings or calves of other herd members. In zoos, female African elephant calves have been reported to stay with their mother for longer than Asian calves (median age: 16.3 and 8.3 years, respectively). However, Clubb et al (2009) reported that the median age at which a captive born calf is moved to another zoo is around three years of age for both species, and that such movements are performed to one-third of all captive born calves. These authors further reported that early weaned animals more often develop abnormal behaviour patterns than calves allowed to stay with their mothers for longer, and that they subsequently suffer from diminished reproductive success (Clubb et al, 2009).
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